Abstract. The concept of source and sinks can guide conservation, but empirical studies are needed to demonstrate that this concept applies to the real world. We investigated whether the source-sink concept could help to clarify the influence of habitat potential (scrub ridge characteristics), population density, and fires (shrub heights) on Florida ScrubJay (Aphelocoma coerulescens) demography and dispersal. We mapped territories and measured survival, recruitment, emigration, immigration, and shrub heights annually for 12 years. We classified territories as oak if they overlapped well-drained ridges, oak-palmetto if they overlapped poorly drained ridges Ͼ0.4 ha, and palmetto-oak if they only overlapped poorly drained ridges Ͻ0.4 ha. Territory size differed little among these categories but was negatively correlated with the annual number of breeding pairs, which ranged from 12 to 27. Scrub ridge characteristics influenced the locations of sinks and potential sources, whereas population density and fires caused temporal variation in demographic success. Oak territories were usually sources because they were net exporters of individuals and because recruitment exceeded mortality. Oak-palmetto territories sometimes functioned as sources but were often pseudo-sinks because density dependence caused mortality to exceed recruitment. Palmetto-oak territories were true sinks because they were net importers of individuals and mortality exceeded recruitment regardless of population density. All scrub was short (Ͻ1.2 m) or medium height (1.2-1.7 m), but the spatial arrangement of these height classes changed regularly because fires occurred every 2-7 years. We observed a quadratic relationship between demographic success and the area of medium-height scrub within territories. Territories that had 0.9-1.2 ha of medium-height scrub had the highest demographic success. Applying source-sink concepts at the territory scale was useful to quantify habitat variation at a spatial scale relevant to population processes, reserve design, and habitat management. Our approach can be applied by using territory maps or geographic information systems to partition heterogeneous landscapes into territories and then by classifying territories into potential sources and sinks using scrub ridge characteristics and shrub heights.
INTRODUCTION
Empirical demonstration of source-sink dynamics is needed to validate the relevance of the source-sink concept in conservation planning (Wiens and Rotenberry 1981, Harrison and Taylor 1997) . Source patches are net exporters of individuals and have births that exceed deaths, whereas sinks are net importers and have deaths that exceed births (Pulliam 1988) . Pseudosinks are sources at low densities and sinks at high densities (Watkinson and Sutherland 1995) . Florida Scrub-Jays (Aphelocoma coerulescens) are excellent candidates for empirical studies of source-sink dynamics because they are easy to census and maintain permanent territories year-round (Mumme et al. 2000, Breininger and Carter 2003; see Plate 1) .
Florida Scrub-Jays are threatened with extinction because of habitat loss and because most remaining hab-itat does not burn frequently enough (Stith et al. 1996 , Root 1998 . Maintaining local population viability requires management of large areas of habitat using prescribed fire because most landscapes are too fragmented for natural fire regimes to operate (Breininger et al. 1999, Duncan and Schmalzer 2004) . Adapting the source-sink concept to the territory scale is useful because enough recruits must be produced in optimal territories to offset an excess of mortality in poor-quality territories (Mumme et al. 2000, Breininger and Carter 2003) .
Florida Scrub-Jays are usually described as being restricted to scrub oak ridges (e.g., Woolfenden and Fitzpatrick 1984) . Most natural resource managers rely on land-cover maps to identify scrub ridges, but these maps show only the largest ridges on well-drained soils (Breininger et al. 1991) . Mesic flatwoods are rarely considered as Florida Scrub-Jay habitat, but Florida Scrub-Jays can occur in them if they have embedded scrub ridges . Scrub ridges in mesic flatwoods are smaller than PLATE. 1. Florida Scrub-Jay pausing while foraging in scrub to investigate a hiccup call near a territory boundary. Hiccup calls are usually in response to territorial intruders and are only given by females providing investigators a method to determine the sex of uniquely color-banded birds. Photo credit: D. Breininger. the minimum areas distinguished by most land-cover or soils maps (Breininger et al. 1991) . Little is known about territory occupancy and population viability of Florida Scrub-Jays within mesic flatwoods that have embedded scrub ridges. Such flatwoods, even if they are population sinks, might be important if they provide for a larger population than can be supported by welldrained scrub ridges (see Pulliam 1988 , Howe et al. 1991 .
Managing habitat using prescribed fire requires an evaluation of shrub heights, which are directly influenced by fire (Schmalzer and Hinkle 1992) . Territories of Florida Scrub-Jays with the highest demographic success are a mosaic of short (Ͻ120 cm) and mediumheight scrub (120-170 cm; Fitzpatrick 1984, Breininger and Carter 2003) . Frequent fires are required to maintain sandy openings, which are used by the birds to capture prey and cache acorns Fitzpatrick 1984, Breininger et al. 1995) . Florida Scrub-Jays also need medium-height oaks to provide acorns, nest areas, and cover to escape predators Fitzpatrick 1984, Breininger and Carter 2003) . Patches of tall scrub (Ͼ170 cm) are suboptimal and reduce the suitability of adjacent scrub Fitzpatrick 1984, Breininger and Carter 2003) .
We investigate Florida Scrub-Jay territory occupancy and source-sink dynamics among three categories of territories delineated by stationary attributes of scrub ridges that can be easily and consistently identified using soils maps and aerial imagery. The categories are: (1) well-drained ridges, (2) poorly drained, medium-sized ridges, and (3) poorly drained, small ridges. We then investigate whether annual population density temporally influences demography because some ridges might be sinks only at high population densities. We also investigate the relationship between the area of medium-height oak scrub and demographic performance within territories because most scrub in our study area was short due to frequent and occasionally extensive fires (Breininger et al. 2002) . No published studies have directly investigated the relationship between demographic success and the amount of mediumheight scrub in territories.
METHODS

Study area
Our study was conducted at Tel-4 on Kennedy Space Center (KSC), which is an island along Florida's Atlantic coast. Topography ranges from 1 to 3 m a.s.l. where oaks dominate scrub ridges, marshes dominate troughs, and mesic flatwoods dominate intermediate areas . Scrub ridges are dominated by myrtle oak Quercus myrtifolia and sand live oak Q. geminata (Schmalzer 2003) . Mesic flatwoods are dominated by saw palmetto (Serenoa repens) and shiny lyonia (Lyonia lucida). Scrub and flatwoods have a sparse canopy of fire-resilient slash pine (Pinus elliotii). Vegetation composition changes little because shrubs sprout rapidly after fire (Schmalzer 2003) . Wildfires burned nearly all of the area in 1978 and 1998 (Breininger et al. 2002) . Prescribed fires burned 53-69% of the area in 1985, 1987, and 1991. The study area comprised 5% of the Cape Canaveral/ Merritt Island Florida Scrub-Jay population, which exceeds 400 pairs (Stith et al. 1996) . The Tel-4 study site is one of many study sites within the population (Breininger and Carter 2003) . Although we quantify population exchanges between the 240 ha Tel-4 study site and its surroundings, the investigation focuses on dynamics within this site.
Field procedures
Study years began on 1 April. Nearly all Florida Scrub-Jays were color-banded prior to the first year of data collection, nestlings were banded 11 days after hatching, and most immigrants were color-banded within months of their arrival (Breininger et al. , 1996 . Breeders, nonbreeders, and sexes were distin-guished using behavioral attributes described by Woolfenden and Fitzpatrick (1984) . Nests were visited weekly, with additional visits to confirm fledgling production at day 17 after hatching. Each territory was censused once each month. Nearly all Florida ScrubJay family members approached observers during each census. We regularly searched for emigrants for Յ1.7 km from the study site and in other study sites 2-40 km away (Breininger and Carter 2003) . Almost 90% of all dispersals occur within 1.7 km (Breininger and Carter 2003) . We mapped territory boundaries during April and May by observing disputes between families.
Classifying territories into scrub ridge categories
All geographic information system analyses used ArcInfo (ESRI 1998). Annual territory boundaries were intersected with habitat maps to classify territories into three scrub ridge categories. These maps identified all scrub ridges Ն20 m 2 and were extensively field verified . Scrub ridges had Ն50% scrub oak cover and were mapped at greater detail than normal land-cover maps, which would have mapped most of the landscape as mesic flatwoods while ignoring the embedded scrub ridges (Breininger et al. 1991 . We used three categories of scrub ridges: (1) those on well-drained soils; (2) medium-sized ones (Ͼ0.4 ha) on poorly drained soils, and (3) small ones (Ͻ0.4 ha) on poorly drained soils. Soils drainage was based on U.S. Department of Agriculture maps (Huckle et al. 1974) . Based on these ridges, we then classified territories that primarily intersected scrub ridges on welldrained soils as ''oak territories,'' those primarily intercepting medium ridges on poorly drained soils as ''oak-palmetto,'' and those only intersecting small oak ridges on poorly drained soils as ''palmetto-oak territories.''
Mapping medium-height scrub and quantifying territory size and composition
We produced annual maps of medium-height scrub (120-170 cm) by applying a regression equation that used time-since-fire to predict scrub height . Medium-height scrub occurred on scrub ridges that burned between 10 and 20 years before the study year. The area of suitable habitat, scrub, and mediumheight scrub was calculated in each territory by intersecting annual territory boundaries with annual maps of medium-height scrub. Suitable habitat included scrub, mesic flatwoods, open sand, and grass, and excluded marshes and forests (Woolfenden and Fitzpatrick 1984) .
Quantifying demography
We defined fledglings as Florida Scrub-Jays in or near the nest 17 days after hatching, and defined juveniles as young in July (Woolfenden and Fitzpatrick 1984) . Florida Scrub-Jays are cooperative breeders that usually delay breeding for 1-3 breeding seasons after hatching (Woolfenden and Fitzpatrick 1984) . We assumed that few yearlings dispersed without our detection because they have short dispersal capabilities and rarely breed in landscapes saturated by breeders (Woolfenden and Fitzpatrick 1984) . The number of fledglings, juveniles, and yearlings produced per pair was calculated each year.
For every year, the number of fledglings, first-year nonbreeders, older nonbreeders and breeders that survived was recorded, even if jays emigrated. All jays that were never seen again were assumed to be dead (Woolfenden and Fitzpatrick 1984) . We probably missed a few nonbreeders that permanently emigrated Ͼ1.7 km from study site boundaries (Stith et al. 1996) . Because detection probabilities approached 1.0 for each census, mark-recapture models were not used.
We used the production of yearlings to represent recruitment because yearlings can breed (Breininger 1999) . Yearling recruitment is an important metric even if yearlings do not breed, because nonbreeders buffer changes in breeding population size and enhance demography by helping to raise future generations, defending territory boundaries, and spotting and mobbing predators (Woolfenden and Fitzpatrick 1984) .
We calculated demographic performance each year in every territory by subtracting the number of breeders that died from the number of yearlings that were produced. Annual demographic performances from individual territories were used to produce habitat-specific demographic rates by summing demographic performance for territories in a habitat category and dividing by the number of territories within that category. Negative performance suggested that a habitat was a sink and positive performance suggested that a habitat was a source. Repeated-measures analyses on territories across years were not used because of unequal sample sizes among habitat categories, and because individual territories were often disbanded while new ones developed, so that the numbers and locations of territories changed throughout the study.
Territory and demographic characteristics of scrub ridges
We tested whether territory characteristics and demography differed among the three scrub ridge categories. Means were calculated separately for each year because population density and the distribution of medium-height scrub varied annually. For each scrub ridge category, we pooled territories to calculate means for each year (n ϭ 12 years) for the following variables: area of scrub per territory, area of medium-height scrub per territory, demographic performance per pair, family size, number of fledglings per pair, number of juveniles per pair, and number of yearlings per pair. We calculated breeder survival by dividing the number of breeders that survived the year by all breeders that were members of that scrub ridge category at the beginning of the year. We calculated fledgling survival by divid-ing the number of yearlings produced in a scrub ridge category by the number of fledglings produced in that category. We used ANOVAs to test whether the calculated annual means varied significantly among the scrub ridge categories, followed by pairwise comparisons if the tests were significant (SPSS 1999). Tukey's tests were used when variance was homogeneous and Games-Howell tests when variance was unequal. To compare survival of nonbreeders among oak, oak-palmetto, and palmetto-oak categories, we lumped counts from all years and used likelihood ratio chi-square tests. We performed these tests separately for first-year helpers and older helpers.
We used Spearman rank correlations to test whether annual demographic performance varied with the annual amount of medium-height scrub in the entire study site. We calculated annual means by pooling demographic performance from all territories in the study site for a particular year.
Dispersal and source-sink dynamics
We measured whether oak, oak-palmetto, and palmetto-oak territories were net importers or exporters by identifying all dispersal events between territories and cases in which nonbreeders became breeders by inheritance. Exports referred to jays that exited the study site or actively dispersed to another scrub ridge category. Imports referred to jays that entered a scrub ridge category from outside the study site or another scrub ridge category. We tallied the number of jays that dispersed to another territory of the same category, but did not regard these as exports or imports if they remained in the study area because our objectives were to determine whether territories of different categories were net importers or exporters.
We quantified dispersal distances and delayed breeding by one-year-olds to test assumptions that dispersal distances were short and that few yearlings dispersed. To describe dispersal distances, we tabulated the number of territories that occurred between natal territories and the territory of first breeding (see Woolfenden and Fitzpatrick 1984) . If the jays inherited the natal territory, the number of territories traversed was zero. Likelihood ratio tests were used to test whether yearlings varied among scrub ridge categories in their propensities to delay breeding, given that they might have different incentives to delay breeding if their natal territory was a source or sink.
Does population density influence territory occupancy and demography?
Spearman rank correlations were used to test whether the annual amount of habitat occupied by Florida Scrub-Jays changed as population density increased. Occupied habitat was the area of suitable habitat within all territory boundaries for each year. Spearman rank correlations for oak, oak-palmetto, and palmetto-oak territories were used to test whether annual means of demography, territory size, and scrub cover within territories varied with population density. Regressions between demographic performance and population density were graphed for scrub ridge categories that had significant correlations (P Ͻ 0.05) to investigate whether pseudo-sinks occurred.
The temporal influence of fire
We tested whether linear or quadratic regressions best quantified the relationship between annual demographic performance and the area of medium-height scrub within territories. Annual demographic performances for each territory were assumed to be independent because of temporal environmental variation, shifts in territory boundaries, and because the distribution of medium-height scrub changed between years. Demographic performance was graphed for seven categories of medium-height scrub (Ͻ0.3, 0.3-0.5, 0.6-0.8, 0.9-1.1, 1.2-1.7, 1.8-2.3, Ͼ2.3 ha). We used 0.6-ha increments for territories with Ն1.2 ha mediumheight scrub because of small sample sizes.
We investigated how the relative frequencies of the seven categories of medium-height scrub per territory varied among scrub ridge categories for territories pooled over all years. This analysis quantified interactions between medium-height scrub per territory and scrub ridge category, and indicated whether a scrub ridge category had heights that favored source or sink demography. For each scrub ridge category, we summed the numbers of territories falling within a category of medium-height scrub per territory and divided the sum by the total number of territories in the scrub ridge category to obtain the relative frequency of territories for each of the seven categories of mediumheight scrub.
RESULTS
Territory characteristics and demography
There were many territories that did not overlap welldrained ridges (Fig. 1) . Boundaries of Florida ScrubJay territories were usually contiguous and enclosed most scrub ridges and the surrounding matrix of mesic flatwoods and swale marshes. Oak territories had the greatest amounts of oak scrub, but they also included some mesic flatwoods (Table 1) . Palmetto-oak territories intersected only the smallest, poorly drained scrub ridges and consisted mostly of mesic flatwoods and swale marshes.
Hereafter, we refer to yearling production as recruitment and breeder mortality as mortality. Oak territories usually had recruitment that exceeded mortality and palmetto-oak territories usually had mortality that exceeded recruitment (Table 2 ). The number of palmettooak territories increased several-fold in 1995-1996. The area of medium-height scrub ranged from 19.1 ha just before the 1998 wildfire to 2.1 ha just after the 1998 wildfire ( Table 2 ). The mean annual demographic FLORIDA SCRUB-JAY SOURCE-SINK DYNAMICS FIG. 1. Distribution of scrub ridges (oak scrub) and Florida Scrub-Jay territories during 1994, which was a year of average population density. The area in white was the matrix of mesic flatwoods and swale marshes. Although territory boundaries and population density fluctuated greatly among years, this was a typical example of Florida Scrub-Jay territories, which were not usually dominated by well-drained scrub ridges and often occurred in areas with only small scrub ridges. Oak territories (O) intersected scrub ridges on welldrained soils, oak-palmetto territories (Op) intersected medium-sized ridges (Ͼ0.4 ha), and palmetto-oak territories (Po) intersected only small ridges (Ͻ0.4 ha). Oak-palmetto and palmetto-oak territories occurred entirely on poorly drained soils.
performance for all territories pooled was not correlated with the annual amount of medium-height scrub within the entire study site (r 2 ϭ Ϫ0.05, P ϭ 0.49, n ϭ 12).
Dispersal and source-sink dynamics
Each year 1-9 Florida Scrub-Jays immigrated into the study site, except during 1995, when 27 Florida Scrub-Jays immigrated. Immigration pulses occurred after habitat destruction in suburbs and an extensive fire in an adjacent study site. Oak and oak-palmetto territories were net exporters, whereas palmetto-oak territories were net importers (Table 3) . Most Florida Scrub-Jays recruited in oak and oak-palmetto territories dispersed to palmetto-oak territories or emigrated from the study site to breed. Natal dispersal events usually were within a few territories of the natal territory (Fig. 2) . No long-distance dispersal from Tel-4 was detected in any other long-term study site that was not adjacent to Tel-4 (Breininger and Carter 2003) . All (n ϭ 26) yearlings hatched in oak territories, 44 of 46 yearlings hatched in oak-palmetto territories, and 10 of 14 yearlings hatched in palmetto-oak territories delayed breeding for one year (likelihood ratio ϭ 10.317, df ϭ 2, P ϭ 0.006).
Our greatest concern about unobserved emigrants was that we might falsely conclude that palmetto-oak territories were population sinks. We estimated the maximum number of jays from palmetto-oak territories that might have emigrated beyond detection as the number of juveniles hatched in palmetto-oak territories that were not known to survive (n ϭ 6). We assumed that we were not likely to record breeder deaths when a breeder actually had dispersed beyond our detection, because we observed no breeders that did not remain within the same territory or an adjacent territory for their entire breeding lives. The maximum number of undetected emigrations from palmetto-oak territories (six) was much less than the difference between breeder deaths and yearlings recruited (Ϫ25) and the difference between immigration and emigration (Ϫ50) for palmetto-oak territories.
Does population density influence territory occupancy and demography?
Territory size decreased as population density increased (Table 4 ). The correlation between the annual amount of occupied habitat and annual pair density was 0.84 (P ϭ 0.001, n ϭ 12). Occupied habitat referred to all suitable habitat (e.g., scrub and mesic flatwoods) defended within territories. All well-drained scrub was occupied throughout the study, but several small, poorly drained ridges were occasionally unoccupied. Demographic performance decreased most in oak-palmetto territories as population density increased. Among oak-palmetto territories, demographic performance was positive when populations densities were Ͻ2.8 pairs/40 ha and was negative when populations densities were Ͼ2.8 pairs/40 ha (Fig. 3) . Palmetto-oak territories had negative demographic performance across all population densities. The correlation between demographic performance and population density was not significant.
The temporal influence of fire
The quadratic regression between annual demographic performance and the area of medium-height scrub within territories (n ϭ 212) explained more variation (r 2 ϭ 0.10, df ϭ 209, P Ͻ 0.001) than did the linear regression (r 2 ϭ 0.04, df ϭ 210, P ϭ 0.003). Territories with the highest demographic performance had 0.9-1.2 ha of medium-height scrub (Fig. 4) . Territories that had Ͻ0.3 ha of medium-height scrub usually had mortality that exceeded recruitment. Oak territories had Ͻ0.3 ha of medium-height scrub ϳ40% of the time (Fig. 5) . Most of these occurrences were after the 1998 wildfires, when only a few oak-palmetto ter- Notes: Entries are the means of 12 annual means (with 1 SE in parentheses) except for first-year and older nonbreeder survivals, which were calculated as all that survived the year divided by the number at the beginning of the year for all years combined, because many years had low samples sizes. Each annual mean was calculated by pooling samples representing individual territories of a particular scrub ridge category for that particular year. The area of scrub ridge was equivalent to the total area of oak scrub in a territory; the mean area of mesic flatwoods in territories was the difference between the mean territory size and the mean area of scrub ridge. Scrub-Jay groups with the same superscript letters did not differ significantly at (P Ͼ 0.05) using Tukey's test for equal variance and Games-Howell for unequal variance; for all tests, df ϭ 2, 33. Paired comparisons were only performed when overall ANOVAs had P Յ 0.05.
† We calculated demographic performance by subtracting the number of breeder deaths from the number of yearlings (potential breeders) produced and dividing by the number of territories in the category.
‡ Log-likelihood ratio statistic (not ANOVA), df ϭ 2. No paired comparisons were performed. Notes: Mean demographic performance was calculated by pooling each demographic performance (yearlings minus breeders that died) for each territory and then dividing by the number of territories. The number of pairs was the sum of all territories from all three scrub ridge categories for that year. The area of medium-height scrub was the total area of all medium-height scrub within the study site for that particular year. ritories had Ͼ0.3 ha of medium-height scrub. Palmetto-oak territories had Ͻ0.3 ha of medium-height scrub 95% of the time. Oak and oak-palmetto territories had an optimal amount of medium-height scrub only 5-10% of the time.
DISCUSSION
Territory characteristics
Our results showed that potential population size would be greatly underestimated if one assumed that Florida Scrub-Jays were restricted to well-drained scrub. Our study site had 8.4 ha of well-drained scrub, enough scrub for only one territory. Environmental assessments generally use the amount well-drained scrub to estimate maximum Florida Scrub-Jay population size (Root 1998) . The actual number of occupied territories ranged from 12 to 27 because territories also occurred in mesic flatwoods containing scrub ridges that were smaller than those identified by soils or landcover maps.
Where focal habitat (i.e., scrub) is sparse, species might defend territories that are large enough to contain focal habitat equivalent to that in territories where focal habitat is abundant ). Florida Notes: Entries are the numbers of Florida Scrub-Jays that actively dispersed to another territory and nonbreeders that became breeders because of territorial inheritance. Sample sizes (n) are the total number of territories for a particular scrub ridge category across all years.
† All jays that exited from a scrub ridge category into another category or that exited the study site.
‡ All jays that entered a habitat potential category from another category or from outside the study site. Notes: Values are Spearman rank correlation coefficients between annual population density and annual means (n ϭ 12) of territory size or demographic variables.
Scrub-Jays did not defend significantly larger territories in areas with only small scrub ridges (Ͻ0.4 ha). Perhaps this occurred because tertiary territories were most abundant during the period of high population densities when competition for space was greatest. Consequently, territories along the largest scrub ridges had the most scrub cover and territories having only the smallest ridges had the least.
Scrub ridges and source-sink dynamics
We found that scrub ridge characteristics could be used to define categories of territories that varied in their probability to be sources or sinks. Source territories were net exporters, with recruitment exceeding mortality. Sink territories were net importers, with mortality exceeding recruitment. Oak territories were usually sources and palmetto-oak territories were sinks. Most territories in the study site were oak-palmetto. Although oak-palmetto territories produced and exported more breeders than they imported, mortality usually exceeded recruitment during years when population density was Ͼ2.8 pairs/40 ha or when oakpalmetto territories had Ͻ0.3 ha of medium-height scrub. Small ridges tended to be sinks when they were Ͼ160 m from well-drained or medium-sized ridges.
Scrub ridges were useful for predicting the influence of habitat potential on source-sink dynamics because they were stationary features. Territories with greater scrub cover were expected to have greater demographic success than territories with little scrub cover, provided that all other habitat variables were equivalent (Woolfenden and Fitzpatrick 1984 , Grubb et al. 1998 , Burgman et al. 2001 ). The 12-year average demographic rates observed for these scrub ridge categories were specific to a management regime that applied prescribed fires every 2-7 years to burn 40-60% of the landscape, combined with one wildfire that burned 90% of the landscape every 20 years. These management objectives are common for scrub and mesic flatwoods, except that most management agencies attempt to suppress wildfires (Breininger et al. 2002) .
The short dispersal distances observed in this study were nearly identical to previous findings Fitzpatrick 1984, Breininger and Carter 2003) . Florida Scrub-Jays observed dispersing into marginal palmetto-oak territories could have emigrated an ad- Ecological Applications Vol. 14, No. 4 FIG. 2. Natal dispersal of 23 female and 29 male Florida Scrub-Jays. The number of territories traversed refers to the number of territories between the territory where a Florida Scrub-Jay hatched and the territory where a Florida ScrubJay first bred. Birds that inherited their natal territory were designated as moving 0 territories. FIG. 3 . Relationship between the mean annual demographic performance/pair and annual population density (no. pairs/40 ha) for oak-palmetto territories from 1989 to 2000. Annual mean demographic performance was calculated by pooling all demographic performance (yearlings produced Ϫ breeders that died) values for all oak-palmetto territories for a particular year and dividing by the number of oak-palmetto territories for that year. ditional 1-2 km through suitable habitat and into vacant, recently restored oak and oak-palmetto territories that had optimal amounts of medium-height scrub (D. R. Breininger and G. M. Carter, unpublished data) . Short dispersal distances help to explain why most mesic flatwoods with sparse scrub oak cover are unoccupied unless they are near oak or oak-palmetto territories (Breininger et al. 1991) . The reasons for low survival and a greater proportion of breeding by yearlings in palmetto-oak territories need further study and suggest that individuals might be less likely to delay breeding in poor-quality territories (Koenig et al. 1994) . Diffendorfer (1998) criticized studies that inferred source-sink dynamics but only measured fledgling production and assumed that survival was constant across habitat types. We would have underestimated habitatspecific demographic differences if we had assumed that survival rates were constant among habitat types. Differences in the survival of breeders probably resulted from habitat-specific differences in vulnerability to snakes and Cooper's Hawks (Accipiter cooperii) rather than food shortage because most mortality is not associated with periods of low food abundance Fitzpatrick 1984, Breininger et al. 1996) .
The number of territories associated with palmettooak fluctuated most during the study, which is consistent with the suggestion that sinks should show greater fluctuation in population size than sources (Dias 1996) . Others have noted that population fluctuations in poorer quality habitats ''buffer'' population sizes in better habitats (Kluyver 1951 , Gill et al. 2001 . We observed individuals from palmetto-oak territories becoming breeders in oak territories, making palmetto-oak territories ''leaky sinks'' (see Dias 1996) . Sinks can contribute to population stability when there is back-migration to sources (e.g., Holt 1985 , Pulliam 1988 . Palmetto-oak territories can help to maintain viable populations where they are near oak or oak-palmetto territories because they can provide individuals to repopulate sources during periods of low population size (Holt 1985 , Pulliam 1988 , Howe et al. 1991 .
The influence of population density
Annual population density, not the annual amount of medium-height scrub, most influenced annual variation in demographic performance. Demographic performance in oak-palmetto territories was most influenced by population density, perhaps because scrub was distributed into many patches that made territorial defense more difficult than in oak territories. Demographic performance within palmetto-oak territories was not correlated with population density, suggesting that these territories were true sinks.
Oak-palmetto territories functioned as sources at low densities and pseudo-sinks at high densities. The immigration spike might have been an unusual event; hence, oak-palmetto territories might function as sources most of the time. Decreased demographic performance at high population densities suggested that direct crowding limited population size. At high population densities, the population was also influenced by site-dependent population regulation: a high percentage of palmetto-oak territories had low demographic performance, resulting in low performance for all territories combined (Rodenhouse et al. 1997 , Gill et al. 2001 ). When few palmetto-oak territories were occupied at low population densities, a greater percentage of high-quality territories provided greater mean demographic rates per pair and a propensity for population growth. FIG. 4 . Mean (Ϯ1 SE) demographic performance per pair per year and the area of medium-height (120-170 cm) scrub within territories. Individual samples of demographic performance were calculated by subtracting the number of breeders that died from the number of yearlings produced for each year in each territory. The means were calculated by pooling all territories across all years in each of the categories that represented increasing increments of medium-height scrub from all territories between 1989 and 2000.
FIG. 5. The relative frequency of territories in each category of medium-height scrub area for each scrub ridge category across all years. For each scrub ridge category, the relative percentage values were calculated by counting the number of territories across all years that occurred within a particular category of medium-height scrub and dividing by the total number of territories that occurred in that scrub ridge category for all years, and then multiplying by 100. Individual samples were individual territories for each year from 1989 to 2000.
Ecological applications
Features distinguished by the most detailed landcover maps range between 2 and 40 ha (Paine 1981 , Scott et al. 1993 , Noss and Cooperrider 1994 . Consequently, scrub ridges on poorly drained soils are rarely identified as scrub and are excluded from Florida Scrub-Jay conservation reserve designs (Root 1998) . We demonstrated that Florida Scrub-Jays occupied territories in areas with scrub ridges Ͻ0.4 ha and that territories intersecting ridges that were Ͼ0.4 ha could function as population sources. Species conservation must focus on maintaining viable local populations for species with poor dispersal abilities (Drechsler and Wissel 1998) . Oak-palmetto and palmetto-oak territories adjacent to well-drained ridges can increase local population sizes and decrease extinction risks (see Pulliam 1988 , Howe et al. 1991 . In our study, oak territories were completely burned during the 1998 wildfire; however, a few oak-palmetto territories maintained scrub at medium height. Maximizing territory numbers in reserves subject to periodic disturbances can help to insure that optimal habitat occurs somewhere within the reserve. Mesic flatwoods lacking scrub ridges can still enhance Florida ScrubJay reserves by buffering territories from edge effects associated with roads and housing (Mumme et al. 2000, Bowman and Woolfenden 2001) . Mesic flatwoods, being quite flammable, also help fire managers to initiate prescribed burns because scrub ridges can be difficult to ignite (Schmalzer and Boyle 1998) .
Conservation planners cannot rely on traditional land-cover maps to identify potential habitat for species that rely on focal habitat patches smaller than the minimum mapping unit. However, planners do not need to produce new land-cover maps. It is not necessary to explicitly map scrub ridges and shrub heights to test or apply our results. Habitat potential and height can be characterized as attributes of a territory by using digital imagery. If territory maps are not available, one can grid landscapes into potential territories using geographic information systems and categorize cell attributes based on scrub ridge sizes and shrub heights. Classifying attributes of grid cells requires a fraction of the effort and expertise needed to map habitat features explicitly using remote sensing and geographic information systems. Grid cells also facilitate the use of population models to scale up to larger landscapes (e.g., Pulliam et al. 1992 , Rodenhouse et al. 1997 , Stith 1999 or to link population dynamics to Markov chain models of habitat change for alternative management scenarios (Duncan et al. 1999, Breininger and Carter 2003) .
Fire managers should strive to achieve at least 1.0 ha of medium-height scrub in every Florida Scrub-Jay territory. Given that nearly all territories in this study had Ͻ0.5 ha of medium-height scrub, demographic performance might be enhanced if mosaic fires could create optimal amounts of medium-height scrub. These efforts must consider shrub heights at the territory scale because it would not be beneficial to have all mediumheight scrub in one portion of a reserve. Because of density dependence, we cannot predict that improving shrub heights will increase population density in landscapes saturated by Florida Scrub-Jays. However, many Ecological Applications Vol. 14, No. 4 Florida Scrub-Jay populations are below carrying capacity (Stith 1999) . Therefore, Endangered Species Act recovery objectives might be expedited by producing an excess of recruits whenever possible. An excess of medium-height scrub per territory might be detrimental because there would be less of the open sandy area needed by Florida Scrub-Jays and many rare plants (Menges and Hawkes 1998) . Our results suggest that demographic performance declined as the amount of medium-height scrub per territory increased beyond 1.2 ha, but sample sizes were low beyond this level. Burning should be conducted before scrub taller than 170 cm accumulates, because such scrub not only lowers habitat quality for Florida Scrub-Jays (Breininger and Carter 2003) but also is difficult to eliminate because it burns poorly (Schmalzer and Boyle 1998) .
